Objective: To investigate which sociodemographic factors and behaviors are associated with breakfast skipping in adolescents and adults. Design: Five birth cohorts of adolescent twins and their parents received an extensive behavioral and medical self-report questionnaire that also assessed breakfast-eating frequency. Setting : Finland, 1991: Finland, -1995 Subjects: A population sample of 16-y-old girls and boys (n ¼ 5448) and their parents (n ¼ 4660). Results: Parental breakfast eating was the statistically most significant factor associated with adolescent breakfast eating. Smoking, infrequent exercise, a low education level at 16, female sex, frequent alcohol use, behavioral disinhibition, and high body mass index (BMI) were significantly associated with adolescent breakfast skipping. In adults, smoking, infrequent exercise, low education level, male sex, higher BMI, and more frequent alcohol use were associated with breakfast skipping. In the adult sample, older individuals had breakfast more often than younger ones. Both adults and adolescents who frequently skipped breakfast were much more likely to exercise very little compared to those who skipped breakfast infrequently. Breakfast skipping was associated with low family socioeconomic status in adults and adolescent boys, but not in girls. Breakfast skipping clustered moderately with smoking, alcohol use, and sedentary lifestyle in both adults and adolescents. Conclusions: Breakfast skipping is associated with health-compromising behaviors in adults and adolescents. Individuals and families who skip breakfast may benefit from preventive efforts that also address risk behaviors other than eating patterns.
Introduction
Breakfast skipping is relatively common among adolescents and adults in Western countries. Definitions of breakfast vary in different cultures and study settings. In this study, breakfast skipping is defined as not eating a morning meal at home. Breakfast skipping in adolescents has been associated with various health-compromising behaviors and unhealthy lifestyles, such as tobacco, alcohol, and substance use, and risk-taking in general (Revicki et al, 1991; Isralowitz & Trostler, 1996; Höglund et al, 1998) . Breakfast skipping may also be an indicator of risk to weight gain: among those who skip breakfast, increased snacking, lunch skipping, sedentary lifestyle, and obesity are more common than among breakfast eaters (Terre et al, 1990; Wolfe et al, 1994; Baumert et al, 1998; Nordlund & Jacobson, 1999; Urho & Hasunen, 1999; Serra et al, 2000) . Much less is known about factors associated with breakfast skipping in adults. In industrialized countries, breakfast skipping has been linked to low family socioeconomic status (SES) (Pastore et al, 1996; Brugman et al, 1998; Höglund et al, 1998; Nordlund & Jacobson, 1999; O'Dea & Caputi, 2001) , although this finding is not consistent (Walker et al, 1982) . Conversely, regular breakfast eating has been associated with a health-conscious lifestyle (Baumert et al, 1998; Cavadini et al, 2000) . Adolescent girls have been found to skip breakfast more often than boys (Isralowitz & Trostler, 1996; Brugman et al, 1998; Höglund et al, 1998; Shaw, 1998) : this may be a chosen method of weight control for girls, and is in some individuals associated with body dissatisfaction, dieting, or disordered eating (Melve & Baerheim, 1994; Bellisle et al, 1995; Shaw, 1998) . Disordered eating is generally associated with health-compromising behaviors (Neumark-Sztainer et al, 1997) .
The aim of this study was to investigate whether various factors related to health-compromising and health-promoting behaviors and SES are associated with breakfast skipping in a large population sample of Finnish adolescents and adults. More specifically, we hypothesized that breakfast skipping is associated with various health-compromising factors, such as smoking, alcohol use, overweight, and also with factors more loosely related to health-compromising behaviors, such as early puberty onset, behavioral disinhibition, low level of education, low SES, and bad general health. We also hypothesized that breakfast skipping aggregates in families.
Subjects and methods

Subject sample
The data reported are from FinnTwin16, a population-based study of five consecutive nationwide birth cohorts of Finnish twins born between 1975 and 1979 (Rose et al, 1999) . Data collection was subjected to and approved by local ethics committees. A questionnaire was mailed to twins born in 1975 through 1979 within 2 months of their 16th birthday. The questionnaire assessed personality, social relations, general health, and health habits, including breakfast eating. Follow-up questionnaires were sent to the twins at the ages of 17 and 18.5 y. From the follow-up, only data on body mass index (BMI), education, and disinhibition were used for this study.
Questions on breakfast eating identical to those on the twin questionnaire were sent to the twins' mothers and fathers as part of questionnaires that addressed parental lifestyle and health. These were mailed at the same time as the baseline twin questionnaires. At the time of the assessment, the age of the mothers ranged from 32.2 to 62 (mean 44.3, s.d. 4 .9) y, and fathers, respectively, from 33.6 to 69.8 (mean 46.5, s.d. 5.7) y. A total of 3065 families were contacted: 5561 of the 6130 twins in these families (91%) returned the baseline questionnaire. Individual response rates were 93% for girls, 88% for boys, 84% for fathers, and 87% for mothers. For this study, we selected all twin pairs where both twins had responded to the breakfast eating question; the pairwise analyses are reported elsewhere (KeskiRahkonen et al, in press). Our study sample consisted of 5448 twins (2822 girls and 2626 boys) and their 4660 parents (2440 mothers and 2220 fathers).
Measures
The frequency of breakfast eating was assessed by the following question: 'How often do you eat breakfast (for example, sandwiches, milk, hot cereal, other similar food) before going to school or going to work?' The three alternative responses were 'every morning', 'a few times a week', 'about once a week or less often'.
The following other variables obtained from the questionnaires at the age of 16 were used in our analyses: sex, education level at 16; height and weight, from which BMI was calculated; smoking status, alcohol use; use of coffee, tea, caffeinated soda, and cocoa; types of milk and bread spread used; frequency of physical exercise, self-perceived general health, and age of puberty onset (menarche for females, voice break for males).
From the questionnaires filled out at 17, we obtained BMI disinhibition, experience seeking, and susceptibility to boredom scores from the Sensation Seeking Scale (Zuckerman, 1979) . Of the Sensation Seeking Subscales, behavioral disinhibition had the highest correlation with breakfast eating; in the subsequent analyses, only this subscale was used. If the behavioral disinhibition score at 17 was missing, we substituted disinhibition score at 18 (180 substitutions). Similarly, if the information about BMI was missing in the 16 y questionnaires, we used BMI at 17 instead (118 substitutions). We analyzed the education level of our adolescents at the ages of 16 and 17, because these two measurements have different implications. Mandatory schooling ends in Finland at the age of 16. Those who drop out by the age of 16 tend to have more severe problem behaviors than those not continuing in school at 17, when further education is voluntary and the choice of education reflects academic performance. Moreover, academically oriented teenagers are much less likely to engage in healthcompromising behaviors than those with a vocational orientation (Bergström et al, 1996; Aarnio et al, 1997) .
From parental questionnaires, we obtained data on father's and mother's breakfast eating and other variables we deemed possibly important for breakfast eating: smoking; alcohol, coffee, and tea use; height and weight, from which BMI was calculated; types of milk and bread spread used; use of vitamin and trace mineral supplements, and of natural and herbal drugs; frequency of physical exercise; highest level of parental education, unemployment in the family; shiftwork, amount of sleep, and feeling tired in the morning. Smoking and alcohol use variables were dichotomized, primarily to facilitate the assessment of possible interactions. Since questions about many key variables were formulated differently in adolescent and parental questionnaires, we were not able to directly compare the health-compromising behaviors of adults and adolescents as correlates of breakfast eating. Family SES was determined by the occupation of the father Breakfast skipping and health-compromising behaviors A Keski-Rahkonen et al or the mother, whichever ranked higher. If only one parent had responded, his/her occupation determined the family's SES. If both parents' occupations were unknown, the family was excluded from the analyses of the effect of SES on breakfast eating. The parental occupations were divided into seven categories using the Statistics Finland 1989 classification of SES (Sosioekonomisen aseman luokitus, 1989 (Sosioekonomisen aseman luokitus, , 1990 ; we contrasted the two highest income categories (upperlevel white-collar workers; independent entrepreneurs and farmers) with the five lowest categories (lower-level whitecollar workers, blue-collar workers, students, pensioners, and those of unclassified or unknown occupation) to create 'higher SES' and 'lower SES' categories.
Statistical analyses
We investigated differences between breakfast categories and explanatory variables (eg, sex, SES, education level) using cross-tabulations and the Pearson w 2 test of independence, corrected for clustered sampling (expressed as an F ratio, as described by Rao and Scott (1984) in Stata, version 7.0, 2000) . We assessed correlates of breakfast eating using univariate and multivariable multinomial (polychotomous) logistic regression models (Hosmer & Lemeshow, 2000) , again corrected for clustered sampling. The three categories of breakfast eatingF 'once a week or less', 'a few times a week', and 'every morning' (reference category) Fwere used as dependent variables. All models were adjusted for sex in adolescents and for sex and age in adults.
Variables that were important correlates of adolescent breakfast in previous studies or were otherwise considered relevant were entered in a multivariable model. We then inspected how the variables important for adolescents were associated with adult breakfast eating in an adult multivariable model (age of puberty onset and behavioral disinhibition were not measured in adults). Using the concepts of parsimony and goodness of fit, we chose the most appropriate models. To assess whether increased breakfast-skipping was associated with changes in the study subject's behavior or background characteristics in the multivariable level, we tested whether the two breakfastskipping categories could be considered to be equal, and whether odds ratios of individual variables could be considered equal across the two breakfast-skipping categories. The respective fits of hierarchically nested models were assessed using the likelihood ratio test. The statistical analyses were performed with the SAS system for Windows, version 8.01 (1999) and Stata, release 7.0 (2000) .
Results
The frequencies of breakfast eating in adolescents and adults are shown in Table 1 . Adults had breakfast significantly less often than adolescents (w 2 ¼ 31.3, Po0.00001). Girls had breakfast significantly less often than boys (F ¼ 7.6, P ¼ 0.0005) and adult men less often than adult women (F ¼ 86.2, Po0.00001). Among adults, breakfast skipping was more prevalent in the lower SES group than in the higher SES group (Po0.00001 for both men and women), and this was also seen in boys (F ¼ 4.37, P ¼ 0.013) ( Table 2 ). For girls, breakfast eating did not differ by SES groups (F ¼ 2.14,
Correlates of adolescent breakfast eating Sex-adjusted models of different categories of adolescent breakfast eating and its correlates are presented in Table 3 . Adjustment for sex affected the odds ratios of correlated behaviors only very slightly; education level was affected the most. Breakfast skipping in adolescents was clearly associated with health-compromising behaviors and lifestyles. Individuals who rarely had breakfast were more likely to smoke, drink alcohol frequently, and use more coffee and caffeinated sodas than regular breakfast eaters. Breakfast eaters were less likely to exercise, and tended to have a higher BMI, higher behavioral disinhibition scores, and an earlier onset of puberty than breakfast eaters. Better education and higher SES were associated with more frequent breakfast eating. The education level at 16 explained a higher proportion of the variance of adolescent breakfast eating (pseudo-R 2 ¼ 0.018) than family SES (pseudo-R 2 ¼ 0.005).
Thrill and adventure seeking, self-perceived health, type of dietary spread used for bread, and parental unemployment were not significantly associated with adolescent breakfast eating patterns. In multivariable analyses of adolescent breakfast eating detailed in Table 4 , parental breakfast eating appeared as the statistically most significant factor associated with adolescent breakfast eating. Other statistically significant correlates in adolescents were smoking, exercise, education level at 17, sex, alcohol use, behavioral disinhibition, and BMI (presented in order of decreasing significance). There were no significant interactions between smoking, alcohol use, and behavioral disinhibition, or sex and age of puberty onset. These interaction terms and the age of puberty onset could be removed from the multivariable model without a Rounding error in sums of some percentages.
Breakfast skipping and health-compromising behaviors A Keski-Rahkonen et al significant decrease in model fit. Considering the 'breakfast a few times a week' and 'breakfast once a week or less often' categories of the multinomial logistic regression model to be equal caused a very significant (Po0.00001) deterioration of model fit: thus, we present the results retaining the original three categories of breakfast eating. However, certain variablesFsmoking, education level at 17, sex, alcohol use, and BMIFcould be considered equal across the breakfast-skipping categories without a significant deterioration in model fit. This suggests that although the odds ratios of adolescent breakfast eaters and breakfast skippers clearly differed in terms of alcohol use, education level at 17, sex, and BMI, infrequent and frequent breakfast skippers were similar in these respects. However, frequent breakfast skippers exercised less, had parents who skipped breakfast more often, and were more behaviorally disinhibited than infrequent breakfast skippers.
Correlates of adult breakfast eating
In age-sex-adjusted breakfast-eating models of adults (Table 5 ), health-compromising or potentially less healthy behaviors generally increased when frequency of breakfast skipping increased. Less healthy behaviors, like using butter (instead of margarine) and milk with a higher fat content, were more common in adult breakfast skippers than breakfast eaters. Conversely, general health-conscious behaviors, for example, exercise and use of vitamin and trace mineral supplements, were associated in adults with breakfast eating. Less sleep was in adults associated with more breakfast skipping, as was shiftwork and feeling tired in the morning. These factors, however, explained a much smaller fraction of the variance of breakfast eating than the factors that were entered in an adult multivariable model. In the adult multivariable model (Table 6 ), the most statistically significant correlates of adult breakfast eating were smoking, exercise, education, sex, age, BMI, and alcohol use. None of these factors could be removed from the model without a significant deterioration in model fit, but alcohol and tobacco use did not have a significant interaction. Breakfast eating increased with age in adults. Again, considering the outcome categories 'breakfast a few times a week' and 'breakfast once a week or less often' as equal caused a significant (Po0.001) deterioration in model fit. On the level of individual variables, odds ratios of all other variables except smoking and exercise could be considered equal across the two breakfast-skipping categories without a statistically significant worsening in model fit. This suggests that an increased frequency of breakfast skipping was associated with increased smoking and decreased exercise frequency, but that in other respects infrequent and frequent breakfast skipping in adults had similar behavioral correlates. Breakfast skipping and health-compromising behaviors A Keski-Rahkonen et al Clustering of health-compromising behaviors Table 7 shows the co-occurrence of certain health-compromising factors (smoking, alcohol use, sedentary lifestyle, and overweight or obesity) in our sample. The co-occurrence of two or more health-compromising factors was significantly (Po0.00001) more common among breakfast skippers than breakfast eaters. We also examined how breakfast skipping and correlated behaviors were transmitted from the parents to the offspring by examining families where parents always have breakfast (N ¼ 2110) vs families where parents frequently skip breakfast (N ¼ 356). Of the children of the breakfast-eating parents, 81.7% had breakfast every morning, whereas only 47.8% of the children of the breakfast skippers did so (the difference was statistically significant, F ¼ 84.0, Po0.00001). There was a significantly (F ¼ 19.3, Po0.00001) greater proportion of families of low SES (66.7%) in families where both parents skipped breakfast compared to families where both parents always had breakfast (48.8%). There were further significant (Po0.001) differences among the offspring in the following respects: compared to the children of parents who never skip breakfast, the children of parents who always skip breakfast were also more likely to drink a lot of coffee and choose a higher fat type of milk. Children of breakfast skippers, even after an adjustment for sex, were heavier, exercised less, had an earlier onset of puberty, and went to less academically oriented schools.
Discussion
Smoking, infrequent exercise, a low level of education, frequent alcohol use, and high BMI were associated with breakfast skipping in both adults and adolescents. Frequent breakfast skippers were much more likely to exercise very little than infrequent breakfast skippers. Contrary to our hypotheses, self-perceived general health was not associated with breakfast-eating patterns, and age of puberty onset was of borderline significance.
In our study, parental breakfast eating was the statistically most significant factor associated with adolescent breakfast eating. Children of breakfast-skipping parents were much Breakfast skipping and health-compromising behaviors A Keski-Rahkonen et al more likely to skip breakfast than children of regular breakfast eaters. This suggests that breakfast skipping is not a problem that can be solved solely by approaching teenagers; breakfast endorsing programs that address the entire family or just parents may be more effective. However, the familial transmission of breakfast eating/breakfast skipping is a very complex issue: we have explored the genetic and environmental influences on breakfast-eating patterns in more detail elsewhere (Keski-Rahkonen et al, in press). From those previous analyses, we know that the parent-offspring Breakfast skipping and health-compromising behaviors A Keski-Rahkonen et al resemblance is mostly because of genes; the parental generation has little direct behavioral impact on the offspringFquite often teenage children, especially boys, act in deliberate opposition to their parents. Thus, expecting teenagers to imitate their parents' breakfast habits may not be the most successful strategy. Probably, the most effective The interaction between alcohol use and smoking could be dropped from the model without a significant decrease in model fit. b Confidence intervals adjusted for clustered sampling. Rounding error in sums of some percentages.
way to influence the offspring's breakfast habits is to create a family and peer atmosphere that endorses general healthconscious behavior. It is also important to note that parental influence on the offspring's breakfast eating is likely to be age-specific, because the eating habits of teenagers are less under parental control than those of young children. In our study, the within-individual clustering of healthcompromising factors (smoking, alcohol use, and sedentary lifestyle) was much more conspicuous among the adult and adolescent breakfast skippers than among the breakfast eaters. A previous study (Terre et al, 1990 ) examined agedependent clustering of different health-related behaviors, including smoking, alcohol use, and sedentary lifestyle, in adolescents aged 11-18 y. Breakfast skipping clustered with type A personality at 11 y and with sedentary lifestyle at 12-15 y. At 16-18 y, breakfast skipping existed independently of other behaviors. Our results do not support the finding that breakfast skipping at the age of 16 or in adulthood is independent of other risk behaviors, but clustering of healthcompromising behaviors may vary with age. Unfortunately, we were not able to measure how correlates of breakfast eating vary in different stages of adolescence. During early and mid-adolescence, disordered eating patterns are very strongly associated with health-compromising behaviors (eg alcohol, tobacco, and marijuana use); individuals with early puberty onset may be particularly vulnerable (Wilson et al, 1994; Dick et al, 2000; Abraham & O'Dea, 2001; KaltialaHeino et al, 2001; Rose et al, 2001) . The association of healthcompromising behaviors and disordered eating becomes much weaker on the verge of adulthood (Neumark-Sztainer et al, 1997). Our findings suggest that the association of breakfast skipping (very mildly disordered eating) with smoking, alcohol use, and sedentary lifestyle exists throughout adulthood. However, in our cross-sectional adult sample, breakfast skipping is less common among the older than the younger individuals. It may be that eating habits become more regular with age; equally well breakfast eating may become less common among the younger generations, who will continue their lower rates of breakfast consumption through adulthood. Longitudinal studies on adult breakfast eating are needed to clarify this point.
In our sample, children of breakfast-skipping parents were much more likely to have a high BMI and exercise infrequently than children of regular breakfast eaters. However, alcohol use and smoking were equally common in adolescent children of breakfast-eating and breakfastskipping families. This suggests that the transgenerational clustering of health-compromising behaviors is a complex issue meriting further study.
Breakfast skipping was associated with low family SES in adults and adolescent boys, but not in girls. Several earlier studies have found that breakfast skipping is particularly prevalent among individuals from low SES families (Pastore et al, 1996; Brugman et al, 1998; Höglund et al, 1998; Nordlund & Jacobson, 1999; O'Dea & Caputi, 2001) . Our findings suggest that in teenage girls, factors other than family SES may be more influential in determining eating patterns: for instance, dieting and body shape ideals could be homogenous influences across social classes. In our sample, the breakfast eating of girls is much more influenced by environmental factors than that of boys (Keski-Rahkonen et al, in press).
In our study, we were able to measure the frequency and correlates of breakfast eating, but not factors directly determining breakfast eating. Thus, the factors we studied explained only a very low proportion of the variance in breakfast eating (for the full multivariable models, the pseudo-R 2 statistic was 0.07 for adolescents and 0.04 for adults). Many factors important for regular breakfast eating were overlooked: these include, for example, total daily energy intake, time allotted for breakfast each day, and dieting-related matters. Future studies should address these questions more specifically. In the adult sample, however, we studied factors that may indirectly measure time available for breakfast each morning: amount of sleep, shiftwork, and tiredness in the morning were much more weakly correlated with breakfast eating than the health-compromising behaviors already mentioned. Another limitation of this study is that the BMIs of our study population were based on selfreported height and weight. Although self-reported height and weight may be unreliable in some population subgroups, for example, the very young and the elderly (Himes & Faricy, 2001; Kuczmarski et al, 2001) , and although women in particular underestimate their weight and overestimate their height (Kuskowska-Wolk et al, 1989) , the correlation between measured and self-reported height and weight has commonly been more than 0.85 in the age groups relevant for our study (Rowland, 1990; Giacchi et al, 1998; Himes & Faricy, 2001 ); thus, we feel that self-reported data can be used. However, because of the self-reporting bias, prevalences of overweight and obesity are probably underestimated in our study population.
To what extent are results of this twin study generalizable to the nontwin population? The prevalences of breakfast eating in our study sample are similar to those of Nordic nontwin populations of comparable age (Puska & Smolander, 1980; Höglund et al, 1998; Nordlund & Jacobson, 1999; Urho & Hasunen, 1999) . The generalizability of our findings is further strengthened by the large, population-based subject sample, with education level and SES comparable to that of the general population. The high response rate also ensures that the nonresponder bias is small. We also accounted for clustered sampling within families in all of our analyses. Thus, we feel that our findings fairly well represent the Finnish population of respective age groups.
Skipping breakfast reflects more than simply meal timing preferences. It appears to be one component of frequently co-occurring health-compromising behaviors. Individuals who skip breakfast may care less about their health than individuals who always eat breakfast. As breakfast skippers are more likely to be overweight than breakfast eaters, increased weight may be a result of making unhealthy food choices to make up for a missed breakfast. Starting the day without the first meal may also be an attempt to control weight. Sometimes smoking is used to augment dieting. Smoking, more common among breakfast skippers than breakfast eaters, may also suppress appetite in the morning, or may interfere with the time allotted for breakfast.
Simple nutritional interventions aimed at increasing the frequency of breakfast eating may fail to address these more complex contextual issues. Discouraging smoking and substance use in tandem with promoting regular exercise and meals is one way of approaching this problem. As parental influences are important determinants of adolescent breakfast eating, getting the parents to eat breakfast regularly may be a step toward getting their children to eat breakfast as well. Probably the most effective strategy to influence the offspring's breakfast habits is to create family and peer atmospheres that endorse generally health-conscious lifestyles. More detailed studies of determinants of breakfast eating are needed to shape these strategies.
